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PROJECT 5003: ELECTRICAL AND OPTICAL PROPERTIES OF 1 1 1 - V  COMPOUNDS 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  Grant  NSG 555 
P r o j e c t  Leader:  G .  L .  Pea r son  
S t a f f :  Douglas H .  Loescher  

VL,. -..---_- 
l l l c  p L l r p u a e  of this pi 'o jeci  i s  iiie i a b r - i c a i i o n  and i e s i i n g  of g a i i i u m  

phosphide d i o d e s .  Both t h e  e l e c t r i c a l  and t h e  luminescent  p r o p e r t i e s  of 

t h e  d i o d e s  w i l l  be measured. Also,  t h e  e f f e c t  of  s imul t aneous  a p p l i c a t i o n  

of high t e m p e r a t u r e s  and l a r g e  reverse b i a s e s  w i l l  be s t u d i e d .  Both 

a l l o y e d  and d i f f u s e d  d iodes  w i l l  be examined. 

S i n c e  t h e  r e p o r t  of  June 1964, more w o r k  h a s  been done on t h e  f a b r i -  

c a t i o n  of d i f f u s e d  d i o d e s .  I t  h a s  been found t h a t  t h e  s u r f a c e  damage 

seen on a wafe r  a f t e r  800 OC z i n c  d i f f u s i o n s  i s  caused by t h e  d i s t i l l a t i o n  

of z i n c  o n t o  t h e  wafe r .  I t  was  f o r m e r l y  b e l i e v e d  t h a t  t h e  damage was 

caused  by t h e  e v a p o r a t i o n  o f  phosphorus from t h e  s u r f a c e  of  t h e  w a f e r .  

C a l c u l a t i o n s ,  based on t h e  p a r t i a l  p r e s s u r e  of phosphorus o v e r  g a l l i u m  

phosphide a t  800 OC, sugges t ed  t h a t  l ess  t h a n  one  p e r c e n t  of t h e  phosphorus 

atoms i n  t h e  f i r s t  mono-layer shou ld  be l o s t  by e v a p o r a t i o n .  T h i s  cal-  

c u l a t i o n  is  suppor t ed  q u a l i t a t i v e l y  by an experiment  i n  which a p i e c e  of 

p o l i s h e d  g a l l i u m  phosphide was h e a t e d  i n  an  evacua ted  ampule c o n t a i n i n g  

no z i n c .  The re  was no d e t e c t a b l e  s u r f a c e  damage. On t h e  b a s i s  o f  t h e s e  

r e s u l t s  w e  have begun do ing  z i n c  d i f f u s i o n s  i n  t h e  s m a l l e s t  p o s s i b l e  

ampule, t h e r e b y  r e d u c i n g  t h e  amount of  z i n c  r e q u i r e d ;  and a l s o  w e  quench 

t h e  ampule i n  such a way t h a t  t h e  z i n c  does not  condense on t h e  sample.  

These two p rocedures  have l e d  t o  s a t i s f a c t o r y  z i n c  d i f f u s i o n s  w i t h  no 

a p p a r e n t  s u r f a c e  damage. 

The s e a r c h  f o r  good con tac t  m a t e r i a l s  was also c o n t i n u e d .  An a l l o y  

of go ld  and z i n c  g i v e s  good c o n t a c t  t o  p-type m a t e r i a l .  An a l l o y  o f  

indium-1.5 p e r c e n t  t e l l u r i u m  g i v e s  good c o n t a c t  t o  n-type m a t e r i a l .  

The ind ium- te l lu r ium a l l o y  seems t o  g i v e  b e t t e r  ohmic c o n t a c t  t h a n  t h e  

f r e q u e n t l y  employed s i l v e r - t e l l u r i u m  a l l o y .  

H a l l  measurements and measurements of s u r f a c e  b a r r i e r  c a p a c i t a n c e  

a re  be ing  used t o  de t e rmine  c a r r i e r  c o n c e n t r a t i o n .  The c a r r i e r  con- 

c e n t r a t i o n  o f  o n e  Te-doped sample was, a t  room t empera tu re ,  2 x 10 18. , 
t h e  a c t i v a t i o n  energy was 0.055 e V .  T h i s  v a l u e  of  a c t i v a t i o n  energy i s  
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i n  c l o s e  agreement w i t h  t h e  va lue  determined by Thomas et  a 1  [Ref.  11. 

The c a r r i e r  c o n c e n t r a t i o n  deduced from t h e  c a p a c i t a n c e  of  t h e  s u r f a c e  

b a r r i e r  d i o d e  was 3 .6  x 10 . The agreement between t h e  c a r r i e r  con- 

c e n t r a t i o n s  measured i n  t h e  two ways i s  r e a s o n a b l e .  

18 

-. i n e  a i o a e s  f a b r i c a t e d  I'rorn ~ i i e  above crybid1 h a v e  bi-ciiirilowi-1 voltages 

between e i g h t  and t e n  Volt5 and show r e d  luminescence.  There i s  a l a r g e  

a p p a r e n t  series r e s i s t a n c e  i n  t h e  forward d i r e c t i o n ;  f o r  example, a d i o d e  

c a r r y i n g  one mi l l i amp  might be d i s s i p a t i n g  f i v e  m i l l i w a t t s .  

I n  t h e  f u t u r e  w e  p l a n  to  examine t h e  emis s ion  spectrum o f  t h e  d i o d e s  

and a l s o  p l a n  t o  de t e rmine  t h e  s t r u c t u r e  of t h e  p-n j u n c t i o n .  

PROJECT 5005: BAND STRUCTURE OF GALLIUM PHOSPHIDE 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
Grant  NsG 555 
P r o j e c t  Leader:  J .  L. Moll 
S t a f f :  R .  C .  Eden 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t h e  e x p e r i m e n t a l  d e t e r m i n a t i o n  o f  

t h e  e l e c t r o n i c  band s t r u c t u r e  of g a l l i u m  phosphide o v e r  a wide range of 

t e m p e r a t u r e .  

I n  t h e  p a s t  q u a r t e r ,  f u r t h e r  a n a l y s i s  o f  t h e  o p t i c a l  a b s o r p t i o n  

d a t a  f o r  g a l l i u m  phosphide i n  t h e  r e g i o n  of  t h e  band edge has  been 

c a r r i e d  o u t .  I t  h a s  been found t h a t  i f  r e f l e c t i o n  and " f r e e - c a r r i e r "  

c o r r e c t i o n s  t o  t h e  o p t i c a l  d e n s i t y  d a t a  a r e  c a r e f u l l y  made, t h e  lower 

" foo t "  s t r u c t u r e  t h e o r e t i c a l l y  p r e d i c t e d  may be observed on c u r v e s  of 

( a  hv)' v e r s u s  hv f o r  l o w  t e m p e r a t u r e s .  T h i s  a d d i t i o n a l  s t r u c t u r e  

p e r m i t s  t h e  d i r e c t  e v a l u a t i o n  of  t h e  energy gap and phonon energy o r  

e n e r g i e s  invo lved  i n  t h e  t r a n s i t i o n  a t  t h a t  t e m p e r a t u r e .  

The r e f l e c t i v i t y  and " f r e e - c a r r i e r "  c o r r e c t i o n s  a r e  determined by 

e x t r a p o l a t i n g  t h e  below band-gap a b s o r p t i o n  d a t a  ( d u e  t o  t h e s e  c a u s e s  

a l o n e )  on a b e s t - f i t  cu rve  to  t h e  band-edge r e g i o n .  

by t h i s  method a re  shown i n  F ig .  57 f o r  0 'C. The lower s t r u c t u r e ,  con- 

s i s t i n g  of a "double  f o o t , "  can b e s t  be e x p l a i n e d  by a two-phonon model. 

Here t w o  competing a b s o r p t i o n  p r o c e s s e s  a r e  go ing  on, one w i t h  a phonon 

The r e s u l t s  o b t a i n e d  

'D. G .  Thomas, M .  Gershenzon, F.  A .  Trumbore, " P a i r  S p e c t r a  and "Edge" 
Emission i n  Gal l ium Phosph ide , "  Phys.  R e v .  133, p .  A269, Jan 6,  1964.  - 
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ENERGY GAP 2 220  c V  
PHONON ENERGIES 014 eV - 045 e V  

‘-SLOPE B : I 3 5  cm’‘eV”’ 
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FIG. 57. GALLIUM PHOSPHIDE ABSORPTION CURVE, 

(a  hv)’ versus hv for T = 0 ‘C. 
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FIG. 58. GALLIUM PHOSPHIDE ABSORPTION CURVE, 

( a  hv)’ v e r s u s  hv for T = 400 OC. 
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energy o f  0 .014  e V  and t h e  o t h e r  w i t h  approx ima te ly  0 .045  e V .  The c u r v e  

f o r  -50 O C  shows s i m i l a r  s t r u c t u r e  but  a t  t e m p e r a t u r e s  o f  100 O C  and above, 

t h i s  lower s t r u c t u r e  i s  obscured by an e x p o n e n t i a l  " t a i l "  on t h e  a b s o r p t i o n  
. .  

p,iLrx.re 2s repert26 p r ~ * v r i = * ~ s l y .  Ai; sxar,p:e of this type  of c,~i-$-c 15 i i i -  

c luded  f o r  comparison i n  F i g .  58.  F u r t h e r  a n a l y s i s  of  t h i s  h igh - t empera tu re  

d a t a  u s i n g  t h e  r e s u l t s  o b t a i n e d  a t  0' and -50' t o  t r y  t o  o b t a i n  t h e  energy 

gap more a c c u r a t e l y  is  be ing  c a r r i e d  o u t .  

I n  a d d i t i o n  t o  t h i s  a b s o r p t i o n  work, a vacuum chamber f o r  t h e  measure- 

ment of  t h e  u l t r a v i o l e t  r e f l e c t i v i t y  of  samples  h a s  been c o n s t r u c t e d  and 

i s  be ing  p repa red  f o r  u s e .  I n  a d d i t i o n ,  a computer program f o r  a n a l y z i n g  

such r e f l e c t i v i t y  d a t a  t o  o b t a i n  t h e  o p t i c a l  c o n s t a n t s  of  t h e  sample 

m a t e r i a l  has  been p r e p a r e d  and checked o u t .  

PROJECT 5006: EPITAXIAL GROWTH OF GaP 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
Grant  N s G  555 
P r o j e c t  Leaders:  G .  L .  Pea r son ,  J .  L .  Moll 
S t a f f :  T .  Koike 

The purpose of  t h i s  p r o j e c t  i s  t o  app ly  t h e  c lose - spaced  e p i t a x i a l  

growth t e c h n i q u e  t o  GaP i n  o r d e r  t o  s t u d y  i t s  o p t i c a l  and e l e c t r i c a l  

p r o p e r t i e s .  

GaP is  t r a n s p o r t e d  t o  a G a A s  s u b s t r a t e  i n  t h e  s y s t e m  d e s c r i b e d  

i n  t h e  p r e v i o u s  r e p o r t .  A l l  d e p o s i t i o n s  were made on t h e  [ loo ]  s u r f a c e  

of G a A s .  

c o n d i t i o n s :  

During t h i s  q u a r t e r  w e  a c q u i r e d  t h e  f o l l o w i n g  optimum growing 

(1) Source t e m p e r a t u r e  970 * 980 O C  

( 2 )  S u b s t r a t e  t e m p e r a t u r e  930 - 940 OC 

(3)  Temperature d i f f e r e n c e  30 - 40 O C  

( 4 )  Spacing 40 - 50 m i l s  

(5)  Flow ra te  of hydrogen 4 - 5 cc/min. 

W e  found t h a t  t h e  i n i t i a l  t empera tu re  of  t h e  i n t e r f a c e  of t h e  two carbon 

b l o c k s  determined t h e  s t r u c t u r e  o f  t h e  d e p o s i t e d  c r y s t a l s .  The temper- 

a t u r e  d i s t r i b u t i o n  i n  t h e  carbon b locks  are  not  uniform but h i g h e r  a t  
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t h e  i n t e r f a c e  a t  t h e  beginning of  t h e  experimenr: u n t i l  i t  r e a c h e s  thermal  

e q u i l i b r i u m .  The re fo re ,  extreme c a r e  must be t a k e n  t o  m a i n t a i n  t h e  

optimum o p e r a t i n g  c o n d i t i o n s  and t h e  u s e  of a t empera tu re  c o n t r o l l e r  i s  

a d v i s a b l e .  I f  t h e  t empera tu re  is t o o  h igh ,  t h e  grown c r y s t a l  i s  u s u a l l y  

accompanied by a l a r g e  number c?f dislocetions and g ra in -boundar i e s .  O n  

t h e  c o n t r a r y ,  i f  t h e  t empera tu re  i s  t o o  low, t h e  grown c r y s t a l  becomes 

amorphous. The t r a n s p o r t  of  GaP i n  t h e  p r e s e n c e  of  w a t e r  i s  b e l i e v e d  

t o  be [ R e f .  11 

2GaP + H 2 0  2 Ga 0 + H 2 + P2 . (1) 2 

W e  have found t h a t  t h e  weight l o s s  from t h e  s o u r c e  d u r i n g  t h e  d e p o s i t i o n  

i s  a maximum a t  t h e  optimum o p e r a t i n g  c o n d i t i o n s .  I n  F i g .  59, t h e  weight 

loss from t h e  source p e r  hour  i s  p l o t t e d  a g a i n s t  t h e  s u b s t r a t e  temper- 

a t u r e .  The t e m p e r a t u r e  was measured by a thermocouple embedded i n  one 

of  t h e  ca rbon  b locks  and by an o p t i c a l  pyrometer .  The t e m p e r a t u r e  

d i f f e r e n c e  between t h e  s o u r c e  and t h e  s u b s t r a t e  w a s  kept  30 - 4 0  OC and 

t h e  f low r a t e  of  t h e  hydrogen g a s  was The e f f i c i e n c y  of 

t h e  d e p o s i t i o n  a l so  showed a s i m i l a r  r e s u l t .  T h i s  r e s u l t  seems ve ry  

r e a s o n a b l e  from t h e  viewpoint  of  t h e  chemical  r e a c t i o n  which t a k e s  p l a c e  

i n  t h e  r e a c t i o n  t u b e .  The flow r a t e  of t h e  hydrogen g a s  w a s  found r a t h e r  

i n s e n s i t i v e  t o  t h e  amount of  t r a n s p o r t  from t h e  source o n t o  t h e  s u b s t r a t e  

s i n c e  t h e  hydrogen g a s  was passed o v e r  water and th rough  t h e  i c e - s a l t  

b a t h  (-21.3 "C) i n  o r d e r  t o  o b t a i n  t h e  s a t u r a t e d  w a t e r  vapor  p r e s s u r e  

i n t o  t h e  s y s t e m .  However, a h i g h e r  r a t e  of  hydrogen f low t e n d s  t o  d i s -  

t u r b  t h i s  s a t u r a t i n g  c o n d i t i o n  and t h e  grown c r y s t a l  becomes o x i d i z e d .  

T h i s  o x i d i z e d  l aye r  i s  a t t r i b u t e d  t o  e x c e s s i v e  water c o n t e n t  i n  t h e  re- 

a c t i o n  t u b e  i n t r o d u c e d  by t h e  h i g h e r  r a t e  of t h e  hydrogen g a s .  

5 k 1 cc/min. 

The t e m p e r a t u r e  d i f f e r e n c e  i s  a l s o  very c l o s e l y  r e l a t e d  t o  t h e  

growing c o n d i t i o n  

and t h e  s u b s t r a t e  

h i g h  enough so a s  

and shou ld  be c o n s i d e r e d  i n  r e l a t i o n  t o  t h e  s o u r c e  

t e m p e r a t u r e s .  A t  t h e  s o u r c e  t h e  t e m p e r a t u r e  shou ld  be 

t o  induce  t h e  r e a c t i o n  

2GaP + H 2 0  + Ga 2 0 + H 2 + p2 , 

'Thurmond, C .  D . ,  and C J .  Frosch, E lec t romechan ica l  S o c i e t y ,  F a l l  
Meeting, N e w  York, New York (1963). 
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FIG. 59. WEIGHT LOSS FROM THE GaP SOURCE VS THE 
SUBSTRATE TEMPERATURE DURING THE DEPOSIT ION. 
AT = 30 - 40 O C .  

Spacing =. 4 0  - 50 mils. 
Flow rate = 5 # 1 cc/min. 

and at the substrate the temperature should be lower so that the decom- 

position of Ga 0 can take place: 
2 

Ga 0 + H + P --f 2GaP + H20 
2 2 2 

Then, we have an impression that as long as the temperature of the sub- 

strate is appropriate the rate of decomposition O P  from the vapor 

phase and the rate of deposition onto the surface of the substrate occur 

according to Eq. ( 3 ) ,  we can increase the temperature difference to a 

higher value. However, the temperature difference is limited by other 

factors. If the temperature difference is increased, the resulting 

temperature distribution in the carbon blocks becomes steep and the 
response of the system to a sudden change of the input rf power becomes 

undesirable. 

Ga20 
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The spacing of the system is also considered in relation to the 

other parameters. Since the temperature difference is obtained by the 

relative positions of the carbon blocks and the rf coil, a closer 

spacing tends to give no temperature difference at thermal equilibrium. 

T h e r e f ~ r e ,  t h e  spacing  s h ~ ~ l d  be SG chosen that the resultant temper- 

ature difference at thermal equilibrium is the optimum value. 

The system has been operating successfully under these optimum con- 

ditions and a growth rate of over 2 mils per hour was achieved. 

We were not able to grow a mixture of GaP and GaAs during this 

quarter because suitable source material was not available. However, 

iuture work will be concentrated on this problem. 
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PROJECT 5108: A STUDY OF GaAsx P1-x 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  Grant  NSG 555 
P r o j e c t  Leader:  Gera ld  L. Pea r son  
S t a f f :  Yen-sun Chen 

The objecr:  of t h i s  p r o j e c t  i s  t o  e v a l u a t e  t h e  o p t i c a l ,  e l e c t r i c a l  

and m e t a l l u r g i c a l  p r o p e r t i e s  of t h e  GaAsxP1-x a l l o y .  Among e v a l u a t i o n s  
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of particular interest to us are the investigation of the crystal struc- 

ture and its imperfections by the Kossel line technique and by that of the 

lattice absorption spectra as the mole fraction of GaAs and x, varies 

from 0 to 1. 

Efforts in this quarter have been concentrated on 1) growing undoped 

GaAsxP1- 
the reststrahlen bands of the alloy in the region of 25~--40p. 

crystals and 2) setting up the optical system and measuring 

A. CRYSTAL GROWTH 

The method of open tube epitaxial vapor growth is employed. This 

method was originally developed in this laboratory by Gibbons and Prehn 

[Ref. 11. A description of the system is shown in Fig. 65. 

~ , o o o  ' c  TEMP PROFILE 

,. 

-7 w 

0 
t- 

3 I643 P U R I F I E D  H2 

FIG. 65. GaAs P EPITAXIAL x 1-x 
DEPOS IT ION SYSTEM . 

A total of thirteen runs were made. These are phosphorous-rich 

polycrystals grown on quartz or sapphire substrates. Typical growth 

condition is as follows: 

Substrate temp.: 

H flow: 50 cc/min through PC13 at 0 O C  

765 OC with a gradient of 20 OC/cm 

2 

'Gibbons, J., and P. Prehn, "Epitaxial Vapor Growth of 111-V Compounds, " 
Technical Report No. 4711-1, SEL, Oct 1963. 
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50 cc/min through A s C l  a t  25  OC 3 
150 cc/min i n  t o t a l  

Growth r a t e :  l--Zp/min 

Composition: 75% P 

These c r y s t a l s  w e r e  d i r e c t l y  mounted on t h e  X-ray goniometer  t o  d e t e c t  

t h e  l a t t i c e  c o n s t a n t  and hence t h e  composi t ion  of t h e  m i x t u r e .  From t h e  

t r a n s m i s s i o n  d a t a  o f  t h e s e  samples i n  t h e  r e g i o n  of  10p--25p, i t  was 

observed  t h a t  t h e  e f f e c t  of  free c a r r i e r  a b s o r p t i o n  i s  n e g l e g i b l e ;  t h u s ,  
1 6  3 

w e  b e l i e v e ,  t h e  c o n c e n t r a t i o n  of t h e  c a r r i e r  is i n  t h e  o r d e r  of 10 

We a r e ,  however, no t  s a t i s f i e d  w i t h  t h e  band edge a b s o r p t i o n  of t h e s e  

samples;  t h e y  a r e  not  comparable t o  t h a t  of GaP or GaAs. W e  expec t  

t o  s o l v e  t h i s  problem and t o  s t u d y  t h e  two-phonon a b s o r p t i o n  bands of  

t h e  a l l o y e d  c r y s t a l  i n  d e t a i l  i n  t h e  coming q u a r t e r .  

/cm . 

B. RESTSTRAHLEN BANDS 

We have set up an i n f r a r e d  s p e c t r o m e t e r  working i n  t h e  r ange  of  

1p--40p. Among t h e  major  p a r t s  of t h e  s y s t e m  a r e  t h e  g l o b a r  l i g h t  sou rce ,  

t h e  L e i s s  s i n g l e  Monochramator w i t h  a C s B r  p r i sm and t h e  thermocouple  

d e t e c t o r  w i t h  a diamond window. The a b s o r p t i o n  bands of w a t e r  vapor  

[Ref .  21 and a t h i n  p o l y s t y r e n e  f i l m  were used t o  c a l i b r a t e  t h e  s y s t e m .  

GaAsxP1-x The system was used  t o  d e t e c t  t h e  r e s t s t r a h l e n  bands of 

b y  measuring t h e  s p e c t r a  of r e f l e c t i v i t y .  The r e f e r e n c e s  used  i n  t h e  

r e g i o n  of i n t e r e s t  a r e  t h a t  of o u r  A 1  m i r r o r  (100%) and InAs ( 3 8 ) .  

I n  F i g .  66, t h e  s p e c t r a  of r e f l e c t i v i t y  of  f i v e  samples  ( x  = 0, .18, .58,  

.71 ,  and 1.0) a r e  shown. I n  F ig .  67, w e  have p l o t t e d  t h e  r e s t s t r a h l e n  

bands as a f u n c t i o n  o f  x; 

peak v a l u e  and t h e  peak i t s e l f  is marked by a d o t .  I n  c o n t r a s t  t o  d a t a  

p r e v i o u s l y  o b t a i n e d  on two-phonon a b s o r p t i o n  bands o f  t h e s e  c r y s t a l s  [Ref .  

31 where t h e  bands of GaP and G a l s  a r e  b e l i e v e d  t o  be superposed ,  w e  

see h e r e  a con t inuous  s h i f t  of  t h e  band from GaP t o  GaAs. 

t h e  wid th  of  t h e  band is t a k e n  a t  20$ of t h e  

21. M i l l s ,  J. S c h e r e r ,  B. Crawford, and M. Youngquist ,  " C a l i b r a t i o n  and 
U s e  of a Cesium-Iodide P r i s m  i n  t h e  I n f r a r e d , "  J. of t h e  O p t i c a l  SOC. 
of America,  - 45,  785 ( O c t  1955) .  

See  SEL Q u a r t e r l y  Research R e v i e w  N o .  9 on t h i s  p r o j e c t .  
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From t h i s  r e s u l t ,  w e  s h a l l  t r y  t o  a n a l y z e  t h e  v a l u e s  of  t h e  e f f e c t i v e  

i o n i c  cha rge ,  e*, u s i n g  t h e  t h e o r y  of  S z i g e t i ,  [Ref .  41 

where M i s  t h e  reduced mass of a p r i m i t i v e  c e l l ,  

A. i s  t h e  l a t t i c e  c o n s t a n t ,  

- i s  t h e  s t a t i c  d i e l e c t r i c  c o n s t a n t ,  =0 
and E is  t h e  high-frequency d i e l e c t r i c  c o n s t a n t .  

I t  i s  i n t e r e s t i n g  t o  p o i n t  o u t  t h a t  i n  B r a u n s t e i n ,  Moore, and Herman's 

work [Ref .  51 on Si-Ge a l l o y ,  one group of t h e i r  proposed s h o r t - r a n g e  

o r d e r e d  c r y s t a l  ( c a s e s  0, 1, 2', 3', 4 ' ,  5 ' ,  6', 7 ,  8 and 4 " )  g i v e s  t h e  

r e s u l t  t h a t  t h e  energy o f  t h e  (000) o p t i c a l  phonon v a r i e s  w i t h  t h e  com- 

p o s i t i o n  of  a l l o y  i n  t h e  same f a s h i o n  a s  does our  e x p e r i m e n t a l  d a t a  i n  

t h e  r e s t s t r a h l e n  bands o f  G ~ A S ~ P ~ - ~ .  

b l a n c e  of a c l u s t e r  model, s i n c e  t h e  s i m i l a r  atoms a r e  grouped t o g e t h e r  

i n  t h e  l a t t i c e .  We s h a l l  i n v e s t i g a t e  t h i s  a s p e c t  f u r t h e r  i n  t h e  coming 

q u a r t e r ,  

03 

T h i s  group h a s  t h e  c l o s e s t  resem- 

PROJECT 5109: EPITAXIAL GROWTH OF 1 1 1 - V  SEMICONDUCTOR COMPOUNDS 

N a t i o n a l  Aeronau t i c s  and Space A d m i n i s t r a t i o n  
Grant N s G  555 
P r o j e c t  Leader:  G .  L .  Pearson 
S t a f f :  D .  Chauvy and J .  W .  A l l e n  

The purpose of t h i s  p r o j e c t  i s  t o  examine and c o n t r o l  t h e  c r y s t a l -  

l o g r a p h i c  and e l e c t r i c a l  p r o p e r t i e s  of  1 1 1 - V  compound semiconduct ing 

m a t e r i a l s  grown e p i t a x i a l l y  by vapor d e p o s i t i o n .  Our i n t e r e s t s  have 

been c o n c e n t r a t e d  on t h e  compounds GaP and GaAs and on t h e  d e t e r -  

m i n a t i o n  of t h e  chemical  r e a c t i o n s  invo lved  i n  t h e  d e p o s i t i o n  of  t h e s e  

compounds from t h e  vapor  phase .  

' S z i g e t i ,  B . ,  T rans .  Faraday S O C . ,  - 45, 155 (1949) .  

5B. B r a u n s t e i n ,  A .  Moore and F .  Herman, " I n t r i n s i c  O p t i c a l  Absorp t ion  
i n  Ge-Si A l l o y s , "  Phys. Rev.,  109, 695 ( 1 9 5 8 ) .  
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. I  

The work by Mr. Chauvy i s  comple te  and a f i n a l  r e p o r t  i s  i n  prep-  

a r a t i o n .  M r .  Chauvy has  r e t u r n e d  t o  S w i t z e r l a n d  and J .  W .  A l l e n  has  

r e c e n t l y  a r r i v e d  from England t o  s e r v e  a s  a r e s e a r c h  a s s o c i a t e  d u r i n g  

t h e  coming y e a r .  H e  hopes t o  s tudy  deep  l y i n g  l e v e l s  i n  GaP by o p t i c a l  

aiid e l e c t r i c a l  iiieiiiuds as w e i i  a s  t h e  development of m a t e r i a l s  for d e v i c e  

pu rposes .  
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